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PRELIMINARY ELASTIC DESIGN 

In general, there appear to be two schools of thought among engineers concerned 
with the theory of earthquake-resistant design. One thesis is that a building should 
be perfectly rigid, so that in the event of seismic motion the top and bottom posi¬ 
tions of this building would move an identical amount during the same time interval. 
Such a response would, of course, tend to induce rather large stresses in the building 
structure. The other thesis also goes to an extreme, by maintaining that a building 
should be as flexible as possible in order to, literally, sway during an earthquake. 
In an extreme case, then, one would have to construct a building from vulcan¬ 
ized rubber, which would certainly be resistant to seismic shock. However, such a 
building would not protect the contents very well because of the possibility of large 
displacements. 

In practice, builders are limited by the availability and cost of construction ma¬ 
terials, by design codes, and by soil conditions, so that none of the extreme design 
criteria outlined above are actually utilized. Good earthquake-resistant design ap¬ 
proach is a compromise in which both stresses and deflections should be evaluated. 
Furthermore, the criterion of flexibility should not imply flimsy construction. Some 
designers also suggest that a reasonable compromise could be reached if we were to 
construct rigid buildings on soft ground and flexible buildings on rock. 

Over the years a rule of thumb developed which states that a well-designed, 
earthquake-resistant building should be able, at any level, to withstand a horizontal 
force equal to one-tenth of its weight above that level. However, to the surprise of 
all concerned, more recent seismological data indicated a maximum acceleration at 
times exceeding three-tenths of gravity. It also became clear that the damage was 
not always proportional to the maximum acceleration, and that a more detailed 
knowledge of the vibrational modes of a structure was important in determining a 
realistic seismic response. 

All this knowledge prompted the development of the various rational design 
methods. One such approach is based on a conservative elastic analysis utilizing 
spectral velocity charts developed for the discrete seismic regions [52]. 

Before illustrating the spectral-velocity method in some detail, it may well be 
useful to draw a general plan. It will be assumed here that a structure has a finite 
flexibility and can respond in one of the fundamental modes of vibration. The first 
task, therefore, is to calculate the fundamental periods of motion. Knowing this 
and having a spectral velocity chart for a particular seismic region, the probable 
levels of g loading on the structure can be estimated. This information can then 
be used to calculate the stresses using the conventional principles of strength of 
materials. By analogy to code practice, such as that defined by Eq. (12.1), we 
can use the concept of the equivalent static force and its effect on the stresses and 
deformations of a structure. 

In applying seismological data, such as that shown in Fig. 12.5, we refer to the 
Richter scale Q. Although all of us have probably heard of it, some readers may not 
be familiar with its definition and relation to the measurement of seismic damage. 
Essentially, the concept behind the scale is based on the correlation between the 
seismic ground motion and the possible energy of the source causing this motion. 
In this manner, therefore, the Richter scale attempts to describe the strength of an 



